respectively. The spectral properties of 2 and 3 are very similar to that observed for the equivalent aluminum species already reported, but form at a much slower rate which allows for the observation of a GaMe31 adduct. Species 4 undergoes coordination/displacement of one of the phosphine arms, which was observed using both NMR spectroscopy and DFT analyses.
Introduction
The synthesis of ambiphilic species bearing both Lewis acid (Z) and Lewis basic (L) moieties has noticeably piqued the interest of the scientific community within these past few years. These molecules have remarkable properties, including the activation of small molecules,[1] as sensors, [2] or for the coordination of transition metals. [3, 4] Since the pioneering discovery of a ruthenoboratrane complex by Anthony Hill in 1999, [5] the search for new ambiphilic ligands to stabilize dative interactions between transition metals and Lewis acids (M→Z) has surged in popularity. Although there are currently several examples of species containing boron-transition metal dative bonds, [3,4a-g,5,6 ] examples of complexes having such an interaction with other group XIII Lewis acids are scarce. [7] [8] [9] Some recent examples have been reported by Bourissou (A) [8] and Braunschweig (B) [9] (Figure 1 ), but in many cases the Lewis acids tend to ionize the metal centers to form ate complexes, as recently demonstrated by Bourissou with the coordination of phosphinoaluminum and phosphinogallium ligands to metallic precursors. [8] Au R 2 and a transition metal.
Our research group has recently reported the synthesis of metal complexes using phosphino-and thio-derivatives of a trisamidocyclohexane ligand (tach). [10] The ligand was initially designed to stabilize a Lewis acidic aluminum core using a trisamido tripodal interaction, in a manner already reported by Tilley and Turculet for zirconium analogues, [11] to generate a novel family of ambiphilic ligands. The expected trisamidocoordination of aluminum was not observed, since the elimination of all alkyl groups from AlR3 (R = Me, iso-Bu) precursors was not possible (Scheme 1). Our hypothesis for the observed reactivity was that the aluminum(III) ion was either too small to fit inside the cavity of the tripodal ligand or that the steric bulk provided by the -PAr2 functionalities impaired the complete folding of the functionalized arms around the template. In order to validate these hypotheses, we aimed at looking at the NMR reactivity of ligand 1 with zirconium(IV) species, (which are known to easily form tripodal trisamido complexes with tach derivatives), and to look at the coordination of gallium(III), which is known to have a larger ionic radii than aluminum(III) (62 pm and 54 pm, respectively). [12] Scheme 1. Reactivity of cis,cis-C6H9(NHCH2C6H4-o-L)3 with AlR3 (L = PPh2 or SPh; R = Me or iso-Bu).
Results and Discussion

Reactivity with GaMe3
The reaction of 1.5 equivalent of trimethylgallium (GaMe3) with 1 equivalent of cis,cis-C6H9(NHCH2C6H4(PPh3))3 (1) in toluene at 85 °C gave complexes 2 and 3 (Scheme 2). Although the isolation and the separation of the two complexes could not be achieved, the comparison of the 1 H and 31 P{ 1 H} NMR spectra of the reaction mixture with those of Although the products obtained are unremarkable compared to the reaction with the aluminum, the speed of the reaction is significantly lower. Indeed, the reaction takes more than 5 days at 85 º C to go to completion compared to less than 24 hours at the same temperature for the aluminum complexes. In the first hours of the reaction, 3 and 2 are not observed. The most notable spectroscopic features of the reaction mixture, other than a general broadening of all resonances, include the disappearance of the N-H resonances in 1, a shift of the proton in α position of the amine from 0.62 to 1.25 ppm, and a singlet at 0.02 ppm for GaMe3 that is unshielded compared to free GaMe3 (-0.16 ppm). These results suggest that the formation of an adduct between the GaMe3 and 1 prior to the observed protonolysis of the Ga-Me bond. Indeed, it has been reported that the HNR2GaMe3 adducts have similar spectroscopic properties. [13] N However, the broad resonance of the methylene protons at room temperature indicates that a dynamic process is probably occurring in solution. To gain more insight on that matter, variable temperature (VT)-NMR 1 H and 31 P{ 1 H} experiments were carried out from +23°C to -70°C. Figure 2 shows the VT-NMR 1 H spectra at +23°C, -10°C, and -55°C. shielded resonances belong to uncoordinated phosphines and that the deshielded one (-7.5 ppm) corresponds to a phosphine coordinating, albeit weakly, to the zirconium atom. The dynamic process in this case is likely due to the coordination/displacement of the phosphines to the metal center. Due to the bulkiness of the triphenylphosphine moieties, the coordination of all three phosphines to the zirconium is unlikely. Since complex 4 did not yield any single crystal, species [cis,cis-(NCH2C6H4-oPPh2)(NMe)2C6H9]Zr(NMe2) (4*), containing only one functional arm instead of three moieties to decrease computation time, was computed at the DFT level of theory with the B3LYP density functional. Two minima were found for this structure with (4*-P) and without (4*) the phosphine bound to the zirconium, as illustrated in Figure 4 . Whereas the geometry around zirconium is more or less tetrahedral in 4*, the N1-Zr-N2 angle (94.1 o )
being the most acute because of the chelation, the 4*-P adopts a triangular bipyramid geometry, with the phosphine in axial position and the -NMe2 in one of the equatorial position. Although the DFT is poor in taking in account the entropy term and no solvatation effect was included in the computation, it can be observed that the difference in energy between the two models is marginal and within experimental error, with a ΔG and a ΔH respectively of -0.4 and -3.1 kcal.mol -1 , favouring the coordination of the phosphine. The two structures minimized have Zr-N bond lengths for the amido ligands of the tach between 2.065 -2.085 Å and 2.078 -2.105 Å for 4* and 4*-P, respectively, which compare well with the distances observed in the solid-state structures of known zirconium tach complexes (2.018 -2.165 Å).
[11] The interaction between zirconium and triarylphosphines has been seldom structurally characterized and the bond lengths observed are between 2.644 and 3.019 Å. [14] The Zr-P bond length in 4*-P of 2.960 Å is therefore in the upper limit of reported distances, with only a bis(phosphanylphenoxide)Zr(IV)dibenzyl complex having a longer Zr-P distance (3.0194(11) Å).
[15a] The spectroscopic evidences also support such a long bond length and a weak interaction since the shift downfield of the bound phosphine in the 31 P{ 1 H} NMR spectrum of 4 at low temperature is less than 10 ppm, whereas in the structurally characterized complexes the shift is usually between 20 and 50 ppm. 14a-e These results therefore suggest that the likely dynamic phenomenon occurring in solution is the coordination of the phosphine, which is favoured by the electron deficiency of the zirconium(IV) centre, and its displacement, which occurs readily because of the steric bulk of the phosphine and the weak P-Zr bond.
Conclusions
The coordination chemistry of two previously reported aminophosphine and aminothiol ligands with gallium and zirconium has been investigated in order to gain more information on results obtained with aluminum. It was demonstrated that the reactivity of the aminophosphine ligand with GaMe3 was similar but slower then what was previously obtained with AlMe3. It thus seems that the use of a bigger atom like gallium does not favour the formation of tripodal trisamido complexes with our ligands. It is our belief that the third amido bond cannot easily be formed with these ligands using trivalent metals, as the last alkyl group on the metal is not properly oriented to react with the remaining amine. This is further supported by the successful synthesis of a zirconium(IV) tripodal trisamido complex using the aminophosphine ligand. We are presently looking at the synthesis of tantalum(V) and vanadium(IV) complexes using our aminophosphine and aminothiol ligands and to look at the catalytic properties of the synthesized products.
Experimental Section
The synthesis of compound 1 and was previously reported. Computational studies. Calculations were performed using the Gaussian 03 package at the DFT level with the B3LYP hybrid density functional. Stuttgart-Dresden effective core potentials (SDD) were used for zirconium and all-electron 6-31G** basis sets were used for H, C, N, P. The optimized structures were identified as true minima on the potential energy surface by means of analytical frequency calculations at 298.15 K and 1 atm.
Optimizations were performed using tight convergence criteria and without symmetry constraints. Energies reported represent the sum of free electronic and thermal energies in the gas phase.
In order to decrease computation time, a simplified version of the complex was used, containing only one -NCH2PhPPh2 and two -NCH3 moieties instead of three -NCH2PhPPh2 moieties. A complex bearing the phosphine group facing away from the zirconium atom, thus minimizing steric repulsion and potential P-Zr interactions, was chosen as a starting point for the optimization of the complex bearing an "uncoordinated" phosphine. Previous unpublished work on the tricoordinated aluminum complexes (B3LYP/6-31G**) showed that the maximum variations due to conformational differences among 13 low-energy 
